INTRODUCTION
============

Readmission to the intensive care unit (ICU) is associated with unfavorable results, such as longer hospital stay, higher mortality, and increased healthcare costs.[@B1],[@B2],[@B3],[@B4] Determining who is ready for ICU discharge usually depends on the clinical judgment of the intensivists or on the collaboration of other members of the ICU care team.[@B5],[@B6] Due to the highly subjective nature of ICU discharge decisions, as well as limitations in clinical resources or an insufficient number of beds to accept all patients who need ICU care, patients canbe discharged prematurely from the ICU, some of whom are inevitably readmitted.[@B4],[@B5] Therefore, early identification of patients at higher risk of ICU readmission would help clinicians to appropriately decide who is ready to be discharged from the ICU and prevent avoidable morbidity and mortality after ICU discharge.[@B7]

Knowing the risk factors associated with readmission to the ICU might help to identify high-risk patients who can benefit from prolonged ICU treatment before discharge to the general ward.[@B8] Several studies have identified risk factors for ICU readmission,[@B3],[@B4],[@B9] which have been used in developing tools to predict the risk of ICU readmission and to help clinicians improve their discharge decisions.[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16] Unfortunately, there is no validated scoring system for predicting readmission or death after ICU discharge in Korea, until now.

The objectives of this study were as follows: 1) compare the characteristics and outcomes of patients with or without ICU readmission, 2) identify risk factors that influence the risk of ICU readmission, and 3) develop a scoring system for predicting high-risk patients who tend to be readmitted to the ICU. To our knowledge, this prediction model is unique and the first in Korea to be of use in the ICU, and we hope that the numerical index outlined in this study will help intensivists in determining which ICU patients are ready to be safely discharged.

MATERIALS AND METHODS
=====================

Study design and participants
-----------------------------

This was a retrospective, single-center cohort study using the medical records of ICU patients who were hospitalized between January 1, 2008 and December 31, 2012. All patients discharged from the medical ICU (10 beds out of 909 hospital beds) were included in the analysis unless any of the exclusion criteria were met. Patients with the following conditions were excluded from the analysis: age \<18 years; died in the ICU; transferred to another ICU in the same hospital; admitted to the ICU after an elective surgery or procedure; and the declaration of \"do not resuscitate (DNR)\" at ICU discharge. We also excluded patients who were not intubated or extubated within 48 hours after intubation, as is common upon admission for close monitoring of hemodynamic instability, application of continuous renal replacement therapy (CRRT), and respiratory failure of acute pulmonary edema due to acute myocardial infarct. We also excluded unexpected deaths in the general ward, as the majority of those patients did not want to be readmitted to the ICU and requested documentation for a DNR order. We divided all included patients into either the readmission group or the non-readmission group: readmission was defined as admission to the ICU after ICU discharge for a problem that was directly related to the initial ICU admission and non-readmission was defined as discharge from the hospital after ICU discharge.

Data collection
---------------

Demographic, physiological, and laboratory data on the day of admission, extubation, and discharge were retrieved. We identified smoking history; types of underlying comorbidities, including diabetes mellitus (DM), hypertension, coronary artery disease, chronic obstructive pulmonary disease, end stage renal disease, liver cirrhosis, cerebrovascular disease, and cancer; cause of ICU admission; source of initial ICU admission (e.g., from the emergency department or transfer from a general ward); type of ICU admission (e.g., by arrest or planned admission); time interval between hospital admission and ICU admission; application of continuous renal replacement therapy; and extracorporeal membrane oxygenation or performance of a tracheostomy during ICU stay. Acute Physiology and Chronic Health Evaluation (APACHE) II scores were calculated on the day of admission, extubation, and discharge. On the discharge day, we examined not only the above mentioned physiological and laboratory data but also feeding pattern, discharge time, discharge day of the week, discharge ward type (e.g., to general ward or sub ICU), and the use of non-invasive ventilation (NIV). To investigate changes in volume status during the ICU stay, we reviewed differences in body weight from the ICU admission day. Since there was no comprehensive weaning and extubation protocol during the study period, it depended on the clinician\'s own decision. Data were collected by the same investigator for the entire study period.

Statistical analysis and ethics
-------------------------------

Statistical tests were performed with SPSS version 19 (SPSS Inc., Chicago, IL, USA). Two sided tests with significance set at 0.05 were used. Differences in baseline characteristics between the readmission and non-readmission groups were assessed with Pearson chi-square for categorical data and independent t-test for continuous data. Univariate and step-wise multivariate logistic regression analysis were used to investigate the association between specific risk factors and ICU readmission. We conducted the likelihood ratio test (LR-test) to find factors that are more precisely associated with ICU readmission among the variables after conventional univariate analysis and then included the variables that had a *p*-value less than 0.2 in the LR-test in the multivariate analysis. Then, a nomogram was created based on the multivariable logistic regression analysis and by using the package of rms in R version 3.0.1. The width of lines on the nomogram was proportional to the coefficient from the logistic regression to display the results of the regression models visually. These statistical methods also were used to assign incremental numerical weights to the gradations of the variables that make up the risk assessment scoring system regarding ICU readmission after discharge. The actual scores use variables in order to estimate the probability of an unplanned ICU readmission. An area under the receiver operator curve (AUC) was drawn to estimate the prediction of the model at the time of ICU discharge. We developed a nomogram calibration plot using regression coefficients and 1000 boot strap repetitions to implement internal validation of our scoring system.

This study was conducted in compliance with the Declaration of Helsinki and was exempted from obtaining informed consent by the Institutional Review Board Committee of our hospital due to retrospective medical record review (IRB No. B-1303/194-107).

RESULTS
=======

Of the 1205 patients who were admitted to the medical ICU over 5 years from January 2008 to December 2012 at a tertiary, teaching hospital, and excluding patients who meet any of the exclusion criteria, 343 patients were discharged from the medical ICU alive; 33 (9.6%) were readmitted to the ICU unexpectedly ([Fig. 1](#F1){ref-type="fig"}). The mean time interval between ICU discharge and readmission was 7.24±7.34 days.

Baseline characteristics
------------------------

[Table 1](#T1){ref-type="table"} presents the characteristics of both groups at admission. There were no differences in the baseline characteristics between the discharge and readmission groups, including age, sex, body mass index, smoking history, hospital stay before ICU admission, cardiopulmonary resuscitation admission, and APACHE II score. Only the route of ICU admission showed a significant difference between the two groups. The discharge group had more patients who were admitted to the hospital from the emergency room than from the general ward (66.10% vs. 45.50%).

All comorbidities and vital signs, including blood pressure, heart rate, respiratory rate, body temperature, and the level of consciousness using Glasgow coma scale, showed no significant difference between the two groups.

The distribution of reasons for ICU admission was similar in both groups. The most common cause was respiratory failure (73.9% vs. 75.8%), followed by sepsis (13.5% vs. 9.4%), and cardiopulmonary arrest (7.4% vs. 6.1%) consecutively.

ICU interventions and characteristics on discharge
--------------------------------------------------

During ICU care, continuous renal replacement therapy was performed more in the readmission group (9.40% vs. 18.20%, *p*=0.13), while a tracheostomy was undertaken more in the discharge group (26.10% vs. 15.20%, *p*=0.20), although there was no statistical significance.

[Table 2](#T2){ref-type="table"} shows the characteristics of both groups on the discharge day. On the day of ICU discharge, there were no significant differences between the two groups in vital sign, APACHE II score, application of NIV, feeding pattern, time of discharge, and discharge to a step-down unit. Only the level of consciousness according to Glasgow Coma Scale was higher in the readmission group (12.56 vs. 13.45, *p*=0.02).

The length of ICU stay was not different between the groups (12.26 days vs. 10.12 days, *p*=0.24). However, the total length of hospital stay was significantly longer in the readmission group (41.89 days vs. 57.30 days, *p*=0.05).

The changes in acute physiologic score (APS) from admission to extubation and from admission to discharge were not influential on subsequent readmission, nor was APS at discharge. Also, the time interval between ICU admission and extubation and between extubation and discharge showed no significant differences.

Characteristics of readmitted patients and prediction model
-----------------------------------------------------------

Among the 33 patients who were readmitted to the ICU during their hospital stay, the most common cause of ICU readmission was respiratory failure (87.9%). The mean APACHE II score of the readmitted patients was 21±7.42, and the mean time interval between discharge from ICU and readmission was 7.24±7.34 days.

After univariate and step-wise multivariate logistic regression analysis to find the factors associated with increased risk of ICU readmission ([Supplementary Table 1](#S1){ref-type="supplementary-material"}, only online), identified risk factors were male sex \[odds ratio (OR) 3.17, 95% confidence interval (CI) 1.29-8.48\], history of DM (OR 3.03, 95% CI 1.29-7.09), application of CRRT during ICU stay (OR 2.78, 95% CI 0.85-9.09), white blood cell (WBC) count on the day of extubation (OR 1.13, 95% CI 1.07-1.21), and heart rate just before ICU discharge (OR 1.03, 95% CI 1.01-1.06).

The risk score calculation worksheet is shown in [Fig. 2](#F2){ref-type="fig"}. Since the most common cause of ICU readmission was respiratory failure, despite its statistical non-significance, we added PaO~2~/FiO~2~ ratio to reflect respiratory status at ICU discharge. However, there was no statistically significant difference in discriminating high risk patients with or without PaO~2~/FiO~2~ ratio. [Fig. 3](#F3){ref-type="fig"} shows the ACU for the risk score model in assessment of high risk patients to ICU readmission with or without the PaO~2~/FiO~2~ ratio (AUC 0.76; 95% CI 0.67-0.80 vs. AUC 0.76; 95% CI 0.66-0.86). The predictive accuracy of the risk score calculation worksheet was quantified with the area under the AUC ([Supplementary Fig. 1](#S2){ref-type="supplementary-material"}, only online). Internal validation of the scoring model was performed by using one thousand bootstrap resamples and showed considerable predictive ability for our prediction model.

DISCUSSION
==========

Of the 343 patients discharged from ICU alive and transferred to the general ward, 33 (9.6%) were readmitted to the ICU. To discover who is likely to be readmitted to the ICU, we compared medical records from admission to discharge of hospital. Verified factors related to increased readmission to ICU included male sex, history of DM, application of CRRT, higher WBC count on the day of extubation, and a rapid heart rate just before ICU discharge. A risk prediction model regarding ICU readmission was made using these five identified risk factors and showed good predictive accuracy.

Readmission rates, ranging from 4 to 10 percent, depend on type of ICU, and the prognosis of readmitted patients is not good.[@B3],[@B4] We analyzed only medical ICU due to clinical differences between surgical and medical ICU. In our data, 9.6% of the patients who were discharged from the ICU to the general ward were inevitably readmitted, and 16.4% died in the general ward. Whatever the reason for their clinical derangement after ICU discharge and readmission, it is clear that readmitted patients to the ICU are at much higher risk of a longer hospital stay and death than those who are not readmitted.[@B3],[@B4] In our study, the total length of hospital stay was significantly longer in the readmission group. Meanwhile, we could not directly compare deaths between the discharge and readmission groups, as we only included patients who were alive at discharge to their home or a sanatorium as the discharge group.

Not all readmissions and deaths can be prevented, although identification of high-risk patients for ICU readmission before they leave the ICU could help clinicians with deciding when to discharge. However, for patients as higher risk of ICU readmission or death, an appropriate ICU discharge plan can be made to incorporate delayed discharge until stabilization, discharge to a step-down unit, and more aggressive follow up in the wards.

To find factors related to an increased probability of ICU readmission, we reviewed a variety of characteristics for discharge and readmitted patients. We conducted the LR-test to find factors that are more strongly associated with ICU readmission after conventional univariate logistic regression analysis, and then, we only included the variables with a *p*-value of less than 0.2 in the LR-test in the multivariate analysis. Finally, five risk factors were identified: male sex, DM history, application of CRRT, high WBC count on the day of extubation, and rapid heart rate just before ICU discharge. For the next step, we assigned incremental numerical weights to the gradations of the variables that make up the risk assessment scoring system regarding ICU readmission ([Fig. 2](#F2){ref-type="fig"}). The AUC was used to estimate the prediction of the model at the time of ICU discharge ([Fig. 3](#F3){ref-type="fig"}) and showed favorable predictive accuracy (AUC 0.76; 95% CI 0.66-0.86). To evaluate the predictive ability of the developed risk assessment scoring system, we made a nomogram calibration plot using regression coefficients and 1000 boot strap repetitions to implement internal validation ([Supplementary Fig. 1](#S2){ref-type="supplementary-material"}, only online), and it showed good favorable predictive ability.

There are several published literatures on tools for predicting adverse outcomes following patients who have been discharged from the ICU.[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16],[@B17],[@B18] Most previous studies included medical and surgical ICU and evaluated combined outcomes of ICU readmission and hospital mortality. Reini, et al.[@B13] created and evaluated the ability of Modified Early Warning Score to predict ICU readmission within 72 hours of ICU discharge. Gajic, et al.[@B10] developed the Stability and Workload Index for Transfer score to predict ICU readmission following ICU discharge within 7 days. The calculated area under the receiver operating characteristic curves ranged from 0.66 to 0.92.[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16],[@B17],[@B18] The characteristics that increased the probability of ICU readmission in our study are somewhat different than those in previous reports.[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16],[@B17],[@B18] Some reported that respiratory parameters, such as PaO~2~/FiO~2~ ratio,[@B10] last PaCO~2~,[@B10] and respiratory rate[@B13] are predictors of ICU readmission. Also, some referred to acute physiology points, such as APACHE II score,[@B18] as predictive factors of adverse outomes after ICU discharge. However, identified risk factors of ICU readmission in our study did not contain any respiratory parameters nor acute physiology score.

There are three major strengths on our study. First, we found that ICU readmission is strongly associated with some demographical factors and comorbidities and consequently related to a poor prognosis. Readmission was significantly associated with a longer hospital stay and subsequently increased medical cost, as well as several hospital acquired complications. These findings support prior studies on the importance of patient characteristics as determinants of ICU readmission.[@B1],[@B3],[@B19] A second strength is that the risk of ICU readmission was shown to be associated with physiologic abnormalities during ICU stay (application of CRRT), as well as on the day of discharge (tachycardia), and with laboratory abnormalities on the day of extubation (elevated WBC). These suggest that in addition to patient characteristics at admission, readmission to the ICU is associated with the development of complications during ICU care. Lastly, we created a new prediction model for the risk of readmission to the ICU, which showed moderate discriminating ability in identifying who was ready to be readmitted to the ICU.

Notwithstanding, we realize that our study has several limitations. First, our study was conducted at a single center, and therefore, the results might not be representative of all ICUs in Korea. In addition, as we only included patients admitted to the medical ICU, it is not anticipated that the prediction score drawn by this study can be applied to other types of ICUs. Second, despite the ratio between the discharged and readmitted patients being correlated with previous studies, the absolute number of readmitted patients was only 33 patients. Actually, we excluded patients who were not intubated or extubated within 48 hours after intubation, since most of these patients are admitted to the ICU for close monitoring of hemodynamic instability due to gastrointestinal bleeding or for application of CRRT or respiratory failure due to relatively easily reversible condition, such as pulmonary edema due to acute myocardial infarct. Also, we only included patients with an ICU stay of longer than 48 hours, asmost patients discharged ICU within 48 hours had already died due to too serious conditions or were admitted for close monitoring after surgery. Therefore, it would be inappropriate to say that the predictive model extracted from our study can precisely predict the actual risk of readmission. Third, although we examined a large number of variables from admission to discharge, a great number of variables did not show statistically significant differences, and just five risk factors verified. This may be because of our study design. We did not include patients who did not want to be readmitted to the ICU after being discharged to another ward. Due to refusal, they did not get ICU care and died in the ward; nevertheless, considering them as part of the readmission group is also reasonable. Similarly, selection bias may also be present due to excluding severely ill patients. In the initial stages, we expected that time (night vs. day) or day of the week (weekday vs. weekend) could influence the clinical course of ICU discharged patients. However, we did not find any significant differences in the two groups. In addition, discharge to a step-down unit for close monitoring did not show any benefits for ICU readmission. These results could be due to the lack of objective indication for admission to step-down units, and depends largely on clinicians\' decisions.

The most common cause of both initial ICU admission and readmission is respiratory failure, although our data showed no statistically significant differences in respiratory parameters between the discharge group and readmission group. A unique finding is that the severity of illness represented by the APACHE II score at ICU admission and discharge and changes there in between admission and discharge did not have an influence on readmission to ICU. These findings are similar to the results of a recent meta-analysis, which showed that the timing of the severity measurement had little impact on the readmission risk.[@B18] This suggests that while patients may improve their physiologic status during their stay in the ICU, physiologic abnormalities might necessitatea longer stay in the ICU before discharge.

In conclusion, we found five risk factors to be related to an increased risk of ICU readmission: male sex, DM history, application of CRRT, high WBC count on the day of extubation, and a rapid heart rate just before ICU discharge. Therefrom, a prediction model for assessment of risk of ICU readmission was developed. Although the prediction model derived from our study showed considerable predictive value upon internal validation, external validation is also needed. Application of the model may help clinicians to prevent readmissions to the ICU and thereby improve patient outcomes.
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###### Supplementary Table 1

Univariable and Multivariable Analyses

###### Supplementary Fig. 1

Nomogram calibration plot developed using regression coefficients. The x-axis is the predicted probability and the y-axis is the actual probability of ICU readmission. The dotted line indicates the location of the ideal nomogram, in which the predicted and actual probabilities are identical. The broken line indicates the actual nomogram performance without correction for overfitting. The solid line represents the bootstrap-corrected performance of the nomogram. ICU, intensive care unit.

![Flow diagram of patients through the study. ICU, intensive care unit.](ymj-56-543-g001){#F1}

![Nomogram predicting the probability of ICU readmission. Instruction: locate the patient\'s sex on the axis. Draw a line straight upward to the point axis to determine how many points toward the probability of ICU readmission the patients receive for his or her sex. After repeating the process for each additional variable, sum the points for each of the predictors. Locate the final sum on the total point axis, and then, draw a line straight down to find the patient\'s probability of ICU readmission. DM, diabetes mellitus; CRRT, continuous renal replacement therapy; WBC, white blood cell; HR, heart rate; ICU, intensive care unit.](ymj-56-543-g002){#F2}

![Area under the receiver operator curve (AUC) for risk score model in discriminating ICU readmission (AUC 0.76; 95% CI 0.67-0.80 vs. AUC 0.76; 95% CI 0.66-0.86). P/F ratio, PaO~2~/FiO~2~ ratio; CI, confidence interval.](ymj-56-543-g003){#F3}

###### 

Admission Characteristics of the Discharge Group and ICU Readmission Group
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APACHE, Acute Physiological and Chronic Health Evaluation; BMI, body mass index; CPR, cardiopulmonary resuscitation; ER, emergency room; ICU, intensive care unit.

###### 

Vital Signs, Severity of Illness, and Other Conditions at the Time of Intensive Care Unit Discharge
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APACHE, Acute Physiological and Chronic Health Evaluation; BT, body temperature; GCS, Glasgow Coma Scale; HR, heart rate; ICU, intensive care unit; MBP, mean blood pressure; NIV, non-invasive ventilation; NPO, nothing by mouth; PEG, percutaneous endoscopic gastrostomy; RR, respiratory rate.
